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Abstract
Background: The importance of vascular occlusion in the pathogenesis of human
haemoprotozoal disease is unresolved.
Methods: Giemsa-stained tissue sections from a human case of Babesia microti infection in a
splenectomized patient with chronic lymphocytic leukaemia and colon cancer were examined to
ascertain the distribution of parasitized erythrocytes within the vascular lumen.
Results: No evidence of sequestration was observed.
Conclusion: This first report on the vascular location of B. microti in human tissue suggests that
severe multi-organ failure due to babesiosis is independent of sequestration of parasitized
erythrocytes. A similar pathogenesis may also cause multi-organ failure in other intraerythrocytic
protozoal infections, including falciparum malaria.
Background
A central issue in the pathogenesis of the disease caused
by falciparum malaria is whether vaso-occlusion by
sequestered parasitized red cells is the necessary primary
event in cerebral malaria and in multi-organ failure. The
alternative view is that these changes are set in motion by
the toxic effects of excessive release of inflammatory
cytokines, with locally enhanced sequestration being a
secondary event that sometimes focuses inflammatory
mediators and exacerbates local pathology. The topic has
recently been extensively reviewed [1,2].
Babesiosis is an emerging haemoprotozoan tick-borne
disease often associated with symptoms that are similar to
those of falciparum malaria [3,4]. Complications can
include altered mental status, adult respiratory distress
syndrome, renal insufficiency, disseminated intravascular
coagulation (DIC), gastrointestinal bleeding and multi-
organ failure [3,4]. The traditional view of these changes,
when seen in falciparum malaria, is that they are precipi-
tated by hypoxia secondary to obstructive sequestration
[2,5]. Thus, the same constellation of pathologic events in
human babesiosis could imply that sequestration also
drives the pathophysiology of this disease. There is, how-
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was, therefore, sought through examining sequestration
of Babesia microti-infected erythrocyte sequestration from
a limited autopsy of a human fatality in which babesiosis
was part of a complex diagnosis.
A sixty-seven year old male with chronic lymphocytic leu-
kaemia and colon cancer, who had undergone splenec-
tomy, experienced a B. microti infection that was
confirmed by thin blood smear identification of B. microti
DNA by PCR and a four-fold rise in anti-B. microti anti-
body titre. He received two courses of clindamycin and
quinine over a two month period with clearing of parasi-
taemia each time. Four months later he was admitted to
hospital with fever, tachypnea and confusion. Confusion
continued until coma supervened 19 days later. A diagno-
sis of babesiosis was made by identification of babesia on
blood smears (2 to 3% parasitaemia), amplification of
babesia DNA by PCR, and detection of anti-babesia anti-
body in serum. The patient was treated with clindamycin
and quinine, azithromycin and atovaquone and a second
round of clindamycin and quinine over the course of
three weeks with no improvement in parasitaemia. He
developed DIC and became comatose after suffering a cer-
ebellar brain haemorrhage. He expired two days later.
Immediately following death, tissue samples from brain
(cortex, basal ganglia, pons, leptomeninges, cerebellum
and spinal cord), lung, liver and kidney were collected
into 10% formalin. Multiple sections from 3–6 paraffin
blocks of each sampled tissue were stained with Giemsa
and examined extensively by two independent operators
to locate parasites. In particular, information was sought
to determine whether the parasitized erythrocytes were
randomly located within the lumen of blood vessels or
showed any tendency to attach to vascular endothelium.
Sections were searched over several days until about three
hundred parasitized erythrocytes were seen. None were
close enough to vascular walls to suggest any degree of
sequestration. In terms of sightings per unit time, para-
sites were about five times more commonly observed in
the brain vasculature than elsewhere. The cerebellum
haemorrhage site and engorged meningeal vessels pro-
vided a much larger number of erythrocytes to peruse, and
parasite density within the erythrocyte population in
these tissues was equally low as elsewhere. Previously
examined sections of B. microti-infected tissue of CBA/Ca
mice were reviewed, confirming that even at very high par-
asite densities there was no tendency for parasitized red
cells to sequester in this model.
Another haemoprotozoan parasite, Plasmodium falci-
parum, sequesters in Aotus sp. [6] as well as in man. Since
late P. falciparum trophozoites and schizonts in peripheral
smears are extremely rare, erythrocytes containing these
stages evidently sequester in deeper vessels, even in mild
human infections. Hence erythrocyte sequestration fol-
lowing parasite invasion appears to be a characteristic of
the parasite rather than the host species, or the degree of
host illness. This implies that the non-sequestration
observed in this single splenectomised case of human B.
microti infection will prove to be an equally constant fea-
ture of this parasite, as it is in mice, and irrespective of par-
asite density or its degree of contribution to the fatal
outcome. Likewise, should the apparent absence of B.
microti-infected red cell sequestration in this patient prove
to be a general feature of all human babesial infections, a
mechanism other than sequestration would be required
to explain the multi-organ pathology that may occur dur-
ing this disease. Although a case of B. microti infection in
a patient with an intact spleen has yet to be examined his-
tologically for parasite location, this parasite is recorded
as causing multi-organ pathology in both intact and
splenectomized individuals [7,8]. Thus a difference
between sequestration in intact and splenectomized
hosts, as occurs in P. falciparum-infected Saimiri sciureus
[9] (and to an extent in human cases [10]) is not required
to infer from our case that non-sequestering B. microti can
cause multi-organ pathology in man.
This first report on the vascular location of B. microti in
human tissues suggests that severe multi-organ failure due
to human infection by this parasite is independent of
sequestration of parasitised erythrocytes. As reviewed in
reference 1, vital organ sequestration can be vanishingly
rare in fatal P. falciparum cases, even though adherence in
some tissue is an inevitable characteristic of the later half
of the erythrocytic cycle of this infection, irrespective of its
contribution to death. Indeed, there is a report of two
European adult deaths from fulminant untreated falci-
parum malaria, without discernible sequestration in the
vital organs [11], that might plausibly have been due to
systemic inflammatory causes. As reviewed for falciparum
malaria [1], complications of human B. microti infection
could, therefore, prove to be mediated by the same
inflammatory processes as are accepted for bacterial sepsis
and severe influenza [12].
Authors' contributions
Ian Clark initiated the project, helped plan it, and exam-
ined sections. Alison Budd stained the sections and exam-
ined them independently. Gunther Hsue managed the
patient's anti-babesial regimens during his final hospital
course. Bret Haymore assisted in managing the patient in
the intensive care unit, performed the medical chart
review and provided the clinical details of the case. Alina
Joyce performed the autopsy. Richard Thorner made the
original diagnosis of babesiosis and provided the first two
courses of anti-babesial therapy. Peter J. Krause assisted in
the management of the patient and helped plan and carry
out the project.Page 2 of 3
(page number not for citation purposes)
Malaria Journal 2006, 5:69 http://www.malariajournal.com/content/5/1/69Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Acknowledgements
This research was partly funded by the National Health and Medical 
Research Council of Australia. The views expressed in this abstract are 
those of the authors and do not reflect the official policy of the William 
Beaumont Army Medical Center, the Department of the Army, the Depart-
ment of Defense, or the US Government.
References
1. Clark IA, Alleva LE, Mills AC, Cowden WB: Disease pathogenesis
in malaria and clinically similar conditions.  Clin Microbiol Rev
2004, 17:509-539.
2. Schofield L, Grau GE: Immunological processes in malaria
pathogenesis.  Nat Rev Immunol 2005, 5:722-735.
3. White DJ, Talarico J, Chang HG, Birkhead GS, Heimberger T, Morse
DL: Human babesiosis in New York State: Review of 139 hos-
pitalized cases and analysis of prognostic factors.  Arch Intern
Med 1998, 158:2149-2154.
4. Hatcher JC, Greenberg PD, Antique J, Jimenez Lucho VE: Severe
babesiosis in Long Island: review of 34 cases and their com-
plications.  Clin Infect Dis 2001, 32:1117-1125.
5. MacPherson GG, Warrell MJ, White NJ, Looareesuwan S, Warrell
DA: Human cerebral malaria. A quantitative ultrastructural
analysis of parasitised erythrocyte sequestration.  Am J Pathol
1985, 119:385-401.
6. Crandall I, Collins WE, Gysin J, Sherman IW: Synthetic peptides
based on motifs present in human band 3 protein inhibit
cytoadherence/sequestration of the malaria parasite Plasmo-
dium falciparum.  Proc Natl Acad Sci USA 1993, 90:4703-4707.
7. Rowin KS, Tanowitz HB, Rubinstein A, Kunkel M, Wittner M: Babe-
siosis in asplenic hosts.  Trans R Soc Trop Med Hyg 1984,
78:442-444.
8. Rosner F, Zarrabi MH, Benach JL, Habicht GS: Babesiosis in
splenectomized adults. Review of 22 reported cases.  Am J
Med 1984, 76:696-701.
9. David PH, Hommel M, Miller LH, Udeinya IJ, Oligino LD: Parasite
sequestration in Plasmodium falciparum malaria: spleen and
antibody modulation of cytoadherence of infected erythro-
cytes.  Proc Natl Acad Sci USA 1983, 80:5075-5079.
10. Bach O, Baier M, Pullwitt A, Fosiko N, Chagaluka G, Kalima M, Pfister
W, Straube E, Molyneux M: Falciparum malaria after splenec-
tomy: a prospective controlled study of 33 previously
splenectomized Malawian adults.  Trans R Soc Trop Med Hyg
2005, 99:861-867.
11. Wichmann O, Loscher T, Jelinek T: Fatal malaria in a German
couple returning from Burkina Faso.  Infection 2003,
31:260-262.
12. Beigel H, Farrar H, Han AM, Hayden FG, Hyer R, de Jong MD,
Lochindarat S, Tien NTK, Hien NT, Hien TT, Nicoll A, Touch S, Yuen
KY: Current concepts – Avian influenza A (H5N1) infection
in humans.  N Engl J Med 2005, 353:1374-1385.Page 3 of 3
(page number not for citation purposes)
